Background
==========

Chronic rhinosinusitis (CRS) with nasal polyps (NP) (CRSwNP) is one of the most common diseases in otolaryngology clinical practice due to its increasing incidence and high relapse rate \[[@b1-medscimonit-26-e923618]\]. CRSwNP is characterized by heterogeneous chronic inflammation of nasal and sinus mucosa. According to clinical investigations, approximate 20.6% of patients with CRSwNP receive secondary surgical treatment within 5 years after primary nasal endoscopic surgery due to relapse \[[@b2-medscimonit-26-e923618]\]. In a 12-year follow-up study, the relapse rate of CRSwNP even reached 78.9% \[[@b3-medscimonit-26-e923618]\]. The high relapse rate of CRSwNP severely affects patient quality of life and leads to global health concerns. However, until now, the molecular mechanism of relapse has not been well clarified.

Based on the degree of eosinophils infiltration, CRSwNP can be divided into 2 categories: eosinophilic CRSwNP (Eos CRSwNP) and non-eosinophilic CRSwNP (Non-Eos CRSwNP). Clinical epidemiological investigations indicate that compared with Non-Eos CRSwNP, Eos CRSwNP has more severe symptoms and higher probability of relapse in patients \[[@b4-medscimonit-26-e923618]\]. In past studies, several influential factors have been highlighted associated with the relapse of CRSwNP, including degree of eosinophils infiltration, asthma \[[@b5-medscimonit-26-e923618]\], and other factors \[[@b6-medscimonit-26-e923618]\]. Recent studies have considered the crucial effects of the expression pattern of cytokines in CRSwNP \[[@b7-medscimonit-26-e923618]--[@b9-medscimonit-26-e923618]\]. Huriyati et al. \[[@b10-medscimonit-26-e923618]\] and Yu et al. \[[@b11-medscimonit-26-e923618]\] have indicated that the expression level of inflammatory cytokines is closely associated with the relapse of nasal polyp. Additionally, postoperative application of glucocorticoid has been reported to significantly reduce the relapse of CRSwNP in patients, which may be due to its inhibitory effects on inflammatory cytokines \[[@b12-medscimonit-26-e923618]\]. These findings indicate that the expression phenotype of inflammatory cytokines is crucial in regulating the relapse process of CRSwNP. However, the underlying molecular mechanism of relapse and glucocorticoid's protective effects still remains unclear.

Nuclear factor kappa B (NF-κB) is the notable inflammatory regulator in regulating cellular inflammation responses and the expression of cytokines \[[@b13-medscimonit-26-e923618]\]. Ramis et al. \[[@b14-medscimonit-26-e923618]\] showed that NF-κB was activated in both CRS and NP tissues. Additionally, IκB-α, the inhibitory proteins of NF-kB signal, has also been reported to be downregulated in NP tissues \[[@b15-medscimonit-26-e923618]\]. Thus, in CRSwNP, the NF-κB signal is possibly activated and regulates the expression pattern of cytokines. However, this hypothesis still needs further evidence.

Previous studies have supported a positive correlation between NF-κB activation and the upregulation of downstream microRNA (miR)-155 \[[@b16-medscimonit-26-e923618]\]. MiR-155 belongs to miRNAs family; miRNAs are composed of 18-24 bp and are highly conserved among species \[[@b17-medscimonit-26-e923618]\]. In recent years, the association between miRNAs and the expression of cytokines has attracted huge attention from researchers \[[@b18-medscimonit-26-e923618],[@b19-medscimonit-26-e923618]\], especially for miR-155. O'Connell et al. \[[@b20-medscimonit-26-e923618]\] reported that knockout of miR-155 completely prevented the initiation of experimental autoimmune encephalomyelitis in mice. MiR-155 is also reported to regulate the expression of numerous inflammatory cytokines, including tumor necrosis factor (TNF)-α \[[@b21-medscimonit-26-e923618]\], interleukin (IL)-1 \[[@b22-medscimonit-26-e923618]\], IL-4 \[[@b23-medscimonit-26-e923618]\], etc. Additionally, compared with chronic rhinosinusitis without nasal polyps (CRSsNP), the expression of miR-155 is found significantly increased in CRSwNP \[[@b24-medscimonit-26-e923618]\]. Taken together, the activation of NF-κB may upregulate miR-155 in CRSwNP, resulting in the expression alterations of downstream inflammatory cytokines. However, reports addressing this hypothesis are still scarce.

In this study, we first examined the expression of NF-κB/miR-155 and inflammatory cytokines in the epithelial tissue of patients with nasal septum deviation (control), Eos CRSwNP, Non-Eos CRSwNP, and CRSsNP. Then we detected whether after dexamethasone (DEX) treatment for 12 weeks, the relapse rate of CRSwNP was inhibited and whether its underlying mechanism involved the NF-κB/miR-155 signaling pathway and the expression pattern of cytokines. In a mouse model of CRSwNP, pyrrolidine dithiocarbonate (PDTC) and miR-155 antagomir were used to downregulate the expression of NF-κB and miR-155, respectively. This model aimed to explore the role of NF-κB/miR-155 signaling pathway in regulating inflammatory responses and the anti-inflammatory effects of glucocorticoid treatment. Our results indicated that the upregulation of NF-κB/miR-155 was crucial in Eos CRSwNP. Upregulated NF-κB/miR-155 promoted the expression pattern of cytokines TNF-α, IL-1, IL-4, IL-5, and induced inflammatory responses via regulating cyclooxygenase2 (COX2) and SOCS1 proteins, which are known targets of miR-155. This molecular mechanism accounted for the high relapse rate of Eos CRSwNP. Additionally, glucocorticoid treatment inhibited the relapse of CRSwNP via downregulation of NF-κB/miR-155 signaling pathway. This is the first study to clarify the role of NF-κB/miR-155 signaling pathway in regulating inflammatory responses and the relapse of Eos CRSwNP. It also may provide experimental instructions for clinical practice.

Material and Methods
====================

Patients
--------

In total of 50 CRSwNP patients, admitted to the Second Affiliated Hospital of Suzhou University from June 2016 to December 2017 were recruited in this study. The diagnosis of CRSwNP was performed by nasal endoscopy and sinus computed tomography (CT), according to European Position Paper on Rhinosinusitis and Nasal Polyp Group \[[@b25-medscimonit-26-e923618]\]. Inclusion criteria were as follows: patients did not receive oral intake of glucocorticoid at least 3 months before surgery; patients did not use aerosol corticosteroids within 1 month before surgery; patients received antibiotic treatment for 3 to 5 days before surgery. Exclusion criteria were as follows: patients with posterior nostril polyps, cystic fibrosis, fungal sinusitis, primary cilia, or gastroesophageal reflux; patients were lost during follow-up; incomplete data of patient.

The pathological biopsy sections of nasal mucosal were collected and stained with hematoxylin and eosin (H&E). Ten random high microscopic fields (400×) were taken and the number of eosinophilic granulocytes were counted. If the number of eosinophilic granulocytes was more than 10% of the total infiltrating cells, patients were assigned to the Eos CRSwNP group. Otherwise, patients were included in the Non-Eos CRSwNP group \[[@b26-medscimonit-26-e923618]\]. Finally, 25 patients were diagnosed as Eos CRSwNP and 25 patients were diagnosed as Non-Eos CRSwNP. Additionally, 25 patients with CRSsNP and 30 patients with nasal septum deviation (without other nasal inflammatory diseases) were also recruited as control study participants. All included patients received surgical treatment. The nasal polyp tissue and ethmoid sinus mucosa in Eos CRSwNP and Non-Eos CRSwNP group were collected. The ethmoid sinus mucosa in CRSsNP group was collected. The inferior turbinate tissue and epithelial tissue of patients with nasal septum deviation were collected as control group. The clinical characteristics of recruited patients were listed in [Table 1](#t1-medscimonit-26-e923618){ref-type="table"}.

Atopic status was examined by the Phadiatop test. The diagnosis of asthma and aspirin intolerance was performed by physicians. Smoking history was diagnosed based on the criteria: \>1 cigarette per day and lasted over 1 year. After patients were discharged from the hospital, the follow-up work lasted for 1 year by author LH, who was unaware of patient's allocation.

Ethical approval
----------------

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Suzhou University. All patients signed the informed consents and agreed with the contents of experiment.

Mouse model
-----------

The animal experiment was approved by the Ethics Committee of Animal Experiments of Suzhou University. The construction of CRSwNP model in mice was performed according to Kim et al. study \[[@b27-medscimonit-26-e923618]\]. In brief, the experimental mice were sensitized systemically with 25 μg of ovalbumin (OVA, Sigma), dissolved in 300 μL phosphate buffered saline (PBS) with the presence of 2 mg aluminum hydroxide gel at day 0 and day 5. One week later, mice were challenged with intranasally instillation of 3% OVA, dissolved in 40 μL PBS daily for 1 week. Then, the instillation was maintained at the same dose 3 times per week for 4 weeks. After that, 3% OVA, dissolved in 40 μL PBS was injected intranasally with intraperitoneal or intranasal injections of PDTC (Sigma), miR-155 antagomir or DEX (Sigma) for 8 weeks. During this period, the extra 10 ng of *Staphylococcus aureus* enterotoxin B (SEB), dissolved in 20 μL PBS was used intranasally following the instillation of OVA once a week. For control mice, only PBS was used intraperitoneally or intranasally, instead of drugs. One day after last nasal challenge in experimental group, rats were sacrificed and the diagnosis of CRSwNP was performed by pathological examination.

For drug treatment in mice, PDTC powder (Sigma) was dissolved in 0.9% sodium chloride solution and injected intraperitoneally at the concentration of 10 mg/100 g body weight. 50 mg miR-155 antagomir (Ribobio), dissolved in 50 μL sterilized saline was given to mice intranasally. DEX powder (Sigma) was dissolved in PBS and injected intraperitoneally at the concentration of 50 mg/kg body weight. Drug treatment for different group was performed within the same day when OVA was used intranasally.

Glucocorticoid treatment in patients
------------------------------------

In total, 25 patients with Eos CRSwNP, based on whether patients agreed to receive glucocorticoid treatment for 12 weeks after surgery, 9 patients were divided into Eos CRSwNP-control group while 16 patients were defined as Eos CRSwNP-DEX group. For glucocorticoid treatment, the nasal cavity of patients was washed with 0.9% sodium chloride solution to clean the nasal cavity. Ephedrine hydrochloride and nitrofurazone nasal drops were mixed with DEX injection liquid (5 mg). Then patients received 3 drops on each side of the nasal cavity, 3 times per day, for a total of 12 weeks. For control treatment, ephedrine hydrochloride and nitrofurazone nasal drops without DEX were used at the same dose. Three months after patients received drug treatment, the epithelial tissues of Eos CRSwNP group were re-collected for following experiments.

MiR-155 *in situ* hybridization
-------------------------------

The expression of miR-155 in collected tissues was performed by *in situ* hybridization according to Exiqon protocols. In brief, paraffin embedded sections (10 μm) were deparaffinized by xylene and rehydrated in alcohol gradient. Tissue was incubated with biotin-labeled LNA-scramble control probe or LNA miR-155 antisense probe (Exiqon) at 42°C overnight. After complete washing in gradient saline-sodium citrate (SSC) solutions: 4×SSC, 2×SSC, 1×SSC, 0.5×SSC, and PBST (twice for 10 minutes), sections were incubated with streptavidin-biotin-alkaline phosphatase complex (Boster) at 42°C for 1 hour. Finally, sections were incubated with a 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium system (Boster), which rendered positive cells purple. Color development was achieved after 30 minutes at room temperature. Before sealing, sections were stained with eosin to display the histological structure. No positive signal was observed in negative control sections. The sections were photographed and analyzed by a blind observer (Xin D).

Quantitative real-time polymerase chain reaction (qRT-PCR)
----------------------------------------------------------

Total RNA of collected rhinal tissues was extracted by TRIzol kit (Invitrogen). In brief, RNA was layered by chloroform, precipitated by isopropanol, and reversely transcribed by Oligo-dT. The optical density (OD) 260/280 value of RNA products was strictly controlled between 1.9 and 2.0. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed using the SYBR^®^ Premix Ex Taq™ PCR kit (Takara).The amplification of cDNA was conducted in a thermal cycler S100 (Bio-rad) under following procedures: 95°C for 2 minutes, then 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 30 seconds (40 cycles) and final incubation at 72°C for 5 minutes. The relative expression level of miRNA was calculated using the 2^−ΔΔCt^ method. The expression level of miRNA-155 and mRNA was normalized according to the expression of U6, β-actin, respectively. The sequences of specific primers were listed in [Table 2](#t2-medscimonit-26-e923618){ref-type="table"}.

Western blot
------------

For western blot analysis, total proteins of tissues were extracted by radioimmunoprecipitation assay (RIPA) (Beyotime). Then, bicinchoninic acid (BCA) method was performed to normalize protein concentrations among groups. After protein samples were mixed with 6×loading buffer (Beyotime), protein samples were layered by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to methyl alcohol-incubated polyvinylidene fluoride (PVDF) membrane. For immune reactions, proteins were incubated with 5% bovine serum albumin (BSA) solution for 1 hour at 37°C. Primary antibodies were diluted at a ratio of 1: 1000 and react with proteins at 4°C overnight. After washing by tris-buffered saline plus Tween (TBST) 10 minutes for 3 times, proteins were reacted with secondary antibodies: anti-mouse horseradish peroxidase (HRP) (Boster, 1: 1000) and anti-rabbit HRP (Boster, 1: 1000) for 2 hours at 37°C. Finally, the chemiluminescence was used to expose the protein bands. The blind observer photographed the results and performed analysis.

Statistical analysis
--------------------

The qRT-PCR and western blot analysis were repeated for at least 3 times. The statistical analysis was performed using SPSS 19.0 software. The measurement data was depicted as mean±standard deviation (SD). The count data was depicted as frequency and percentage. Differences between 2 groups were analyzed *t*-test and differences among groups were analyzed by one-way ANOVA. Two-sided *P*\<0.05 of was considered significant.

Results
=======

Upregulation of NF-κB/miR-155 associated with the increased expression of inflammatory cytokines in Eos CRSwNP
--------------------------------------------------------------------------------------------------------------

Firstly, the expression alterations of NF-κB/miR-155 signaling pathway among the control group, the Eos CRSwNP group, the Non-Eos CRSwNP, and the CRSsNP group were explored by western blot analysis and *in situ* hybridization. As shown in [Figure 1](#f1-medscimonit-26-e923618){ref-type="fig"}, the expression level of NF-κB key proteins p-p65 and p-IKK were significantly increased in the Eos CRSwNP group compared with that in the control group ([Figure 1A--1C](#f1-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). Despite the expression of p-p65, we found that the expression of p-IKK was also increased in the Non-Eos CRSwNP group and the CRSsNP group, however, it was still significantly less than that in the Eos CRSwNP group. On the contrary, the expression of NF-κB inhibitory protein IκB-α was significantly decreased in the Eos CRSwNP group compared with the control group, the Non-Eos CRSwNP group and the CRSsNP group ([Figure 1A, 1D](#f1-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). Additionally, results showed that the number of miR-155 positive cells were significantly increased in the epithelial tissues of patients in the Eos CRSwNP group, the Non-Eos CRSwNP group and the CRSsNP group ([Figure 1E, 1F](#f1-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05) compared with that in the control group. The highest number of miR-155 positive cells in the epithelial tissues was recorded in the Eos CRSwNP group. These results indicated that the expression of NF-κB and miR-155 were both elevated in patients with Eos CRSwNP. The increased expression of NF-κB corresponded with the upregulation of miR-155.

We performed qRT-PCR analysis to explore the expression pattern of cytokines under the upregulation of NF-κB/miR-155 signaling pathway in patients with Eos CRSwNP. As shown in [Figure 2](#f2-medscimonit-26-e923618){ref-type="fig"}, the messenger RNA (mRNA) expression level of the 4 inflammatory cytokines, tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-4, and IL-5, were all significantly increased in the Eos CRSwNP group compared with the control group, the Non-Eos CRSwNP group and the CRSsNP group ([Figure 2A--2D](#f2-medscimonit-26-e923618){ref-type="fig"}, all *P*\<0.05). These findings indicated that the upregulation of NF-κB/miR-155 might promote the expression of inflammatory cytokines in the epithelial tissues of patients with Eos CRSwNP.

DEX inhibited the relapse of Eos CRSwNP via inhibiting NF-κB/miR-155
--------------------------------------------------------------------

Furthermore, we divided patients with Eos CRSwNP into the Eos CRSwNP-control group and the Eos CRSwNP-DEX group based on whether they received post-surgery DEX treatment for 12 weeks. Among 25 patients, 9 patients were assigned to Eos CRSwNP-control group while 16 patients were assigned to the Eos CRSwNP-DEX group. As shown in [Figure 3](#f3-medscimonit-26-e923618){ref-type="fig"}, the primary expression of p-p65, p-IKK, and IκB-α was similar between the Eos CRSwNP-control group and the Eos CRSwNP-DEX group ([Figure 3A--3D](#f3-medscimonit-26-e923618){ref-type="fig"}, *P*\>0.05). However, after DEX treatment, the expression of p-p65 and p-IKK was significantly decreased while the expression of IκB-α was increased in the Eos CRSwNP-DEX group compared with the Eos CRSwNP-control group ([Figure 3A--3D](#f3-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). The downregulation of NF-κB induced by DEX treatment was accompanied by decreased expression of miR-155 in the Eos CRSwNP-DEX group ([Figure 3E](#f3-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). Additionally, after DEX treatment, the mRNA expression of the inflammatory cytokines TNF-α, IL-1, IL-4, and IL-5 were all significantly decreased in patients in the Eos CRSwNP-DEX group compared with patients in the Eos CRSwNP-control group ([Figure 4A--4D](#f4-medscimonit-26-e923618){ref-type="fig"}, all *P*\<0.05). During the 1-year follow-up, 3 cases in the Eos CRSwNP-control group relapsed while only 1 case in the Eos CRSwNP-DEX group relapsed. The relapse rate was also decreased in the Eos CRSwNP-DEX group compared with the Eos CRSwNP-control group (6.3% versus 33.3%). Taken together, these results suggest that post-surgery glucocorticoid treatment effectively inhibited the relapse of CRSwNP, and its underlying mechanism concerned with the downregulation of NF-κB/miR-155 and the expression pattern of cytokines.

Mice model verified the regulatory effects of NF-κB/miR-155 on the expression pattern of inflammatory cytokines in Eos CRSwNP
-----------------------------------------------------------------------------------------------------------------------------

To explore the role of NF-κB/miR-155 signaling pathway in regulating the inflammatory responses in Eos CRSwNP, the mice model of Eos CRSwNP was induced by OVA and SEB. As shown in [Figure 5](#f5-medscimonit-26-e923618){ref-type="fig"}, the expression of p-p65 and p-IKK were significantly increased while the expression of IκB-α was decreased in the Eos CRSwNP group mice. However, application of PDTC or DEX both counterbalanced this alteration ([Figure 5A--5D](#f5-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). Additionally, miR-155 was also upregulated in the Eos CRSwNP mice. Treatment of PDTC, miR-155 antagomir, or DEX also effectively inhibited the upregulation of miR-155 in the mice model of Eos CRSwNP ([Figure 5E](#f5-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05). This suggests that NF-κB/miR-155 was activated in Eos CRSwNP mice and miR-155 activation was dependent on NF-κB signals.

We also explored the expression alterations of miR-155 downstream target proteins COX2, the crucial inflammatory protein, as well as SOCS1, the crucial anti-inflammatory protein. Results showed that in the mice model of Eos CRSwNP, upon the upregulation of miR-155, the COX2 protein was significantly increased while the SOCS1 protein was significantly decreased ([Figure 5F--5H](#f5-medscimonit-26-e923618){ref-type="fig"}, *P*\<0.05) compared with the control group. However, treatment of PDTC, miR-155 antagomir, or DEX also reversed the aberrant expression pattern of COX2 and SOCS1. Additionally, the expression of cytokines was also explored by qRT-PCR analysis. Results revealed that compared with the control group, the Eos CRSwNP group had significantly elevated expressions of the cytokines TNF-α, IL-1, IL-4, and IL-5 in mice ([Figure 6A--6D](#f6-medscimonit-26-e923618){ref-type="fig"}, all *P*\<0.05). However, treatment of PDTC, miR-155 antagomir, or DEX abolished the upregulation of cytokines in the mice model of Eos CRSwNP. Taken together, these results indicated that the upregulation of NF-κB/miR-155 induced inflammatory responses and elevated expression pattern of cytokines in Eos CRSwNP. The protective effects of glucocorticoid treatment were derived from the inhibition of NF-κB/miR-155 signaling pathway.

Discussion
==========

CRSwNP is one of the common diseases in otolaryngology and the incidence of CRSwNP remains approximately 4% in the general populations \[[@b28-medscimonit-26-e923618]\]. It severely affects the quality of patient's health and brings a heavy financial burden to patients, due to its high relapse rate \[[@b1-medscimonit-26-e923618]\]. Even after proper drug treatment or surgery, it is still common for CRSwNP to relapse. According to a 12-year follow-up study, the relapse rate in patients with CRSwNP even reached 78.9% after endoscopic sinus surgery \[[@b3-medscimonit-26-e923618]\]. The high relapse rate is associated with the unclear pathogenesis of CRSwNP and ineffective treatments.

Clinical studies used to highlight the degree of eosinophils infiltration as the independent risk factor for the relapse of CRSwNP \[[@b29-medscimonit-26-e923618]\]. However, more and more studies have revealed that the expression pattern of cytokines is also associated with the relapse of nasal polyp \[[@b10-medscimonit-26-e923618],[@b30-medscimonit-26-e923618]\]. Otto et al. \[[@b30-medscimonit-26-e923618]\] pointed that the expression pattern of cytokines in CRSwNP was T~h~2-related. In our study, the expression of the cytokines TNF-α, IL-1, IL-4, and IL-5 were dominant in CRSwNP, which was consistent with the Otto et al. study. TNF-α and IL-1 have been shown to be crucial pro-inflammatory cytokines and upregulation of TNF-α and IL-1 induces chronic inflammation, promotes the expression of adhesion molecules, and accelerates the recruitment of eosinophils \[[@b31-medscimonit-26-e923618]\]. On the contrary, prevention of TNF-α and IL-1 expression attenuates airway hyper-responsiveness and inflammation \[[@b31-medscimonit-26-e923618],[@b32-medscimonit-26-e923618]\]. IL-4 and IL-5 are T~h~2-related cytokines and are crucial mediators in immunity response. The expression of IL-4 and IL-5 protects the survival of eosinophil and promotes eosinophils infiltration in CRSwNP \[[@b32-medscimonit-26-e923618]\]. Thus, the inhibition of IL-4 and IL-5 is also regarded as a potential treatment approach for CRSwNP \[[@b33-medscimonit-26-e923618]\]. In our study, results showed that compared with control group or the CRSsNP group, the expression of the cytokines TNF-α, IL-1, IL-4, and IL-5 were significantly increased in the CRSwNP group, especially in the Eos CRSwNP group. During a 1-year follow-up, patients who did not receive the DEX treatment for 12 weeks continued to have high expression levels of cytokines and the relapse rate was relatively high, which was consistent with other published clinical investigations. However, glucocorticoid treatment significantly decreased the expression level of cytokines in patients with Eos CRSwNP and glucocorticoid treatment led to low relapse rate. Our results also provide evidence that the expression level of inflammatory cytokines was crucial in the relapse of CRSwNP.

Until now, the role of NF-κB/miR-155 signaling pathway in regulating the inflammation responses of CRSwNP has not been well clarified. Ramis et al. \[[@b14-medscimonit-26-e923618]\] showed that NF-κB is activated in both CRS and NP tissues. The upregulation of NF-κB is also reported to intensively enhanced the expression of miR-155 \[[@b34-medscimonit-26-e923618]\]. The activation of NF-κB/miR-155 signaling pathway regulates the expression pattern of cytokines and finally regulates the inflammatory responses \[[@b16-medscimonit-26-e923618]\]. In our study, the expression of NF-κB active proteins was significantly increased while NF-κB inhibitory protein was significantly decreased in patients with Eos CRSwNP. The number of miR-155 positive cells in the epithelial tissues in the Eos CRSwNP group was also significantly more than the other 3 groups in our study. In the mice model of Eos CRSwNP, the upregulation of NF-κB/miR-155 was also detected by western blot and qRT-PCR analysis. The upregulation of NF-κB/miR-155 induced inflammatory responses via increase of COX2 and decrease of SOCS1. COX2 is also called the "gene of inflammatory responses". The upregulation of COX2 has been reported in most inflammatory diseases and regulates the generation of prostaglandins. Qiu et al. \[[@b35-medscimonit-26-e923618]\] reported that miR-155 can bind COX2 and maintain mRNA stability. Additionally, SOCS1 is known as the anti-inflammatory mediator. SOCS1 negatively regulates the expression of inflammatory cytokines and promotes anti-inflammatory responses \[[@b36-medscimonit-26-e923618]\]. However, SOCS1 is inhibited by miR-155 through inducing the inflammatory mediator COX2 and inhibiting the anti-inflammatory mediator SOCS1. In our study, the upregulation of NF-κB/miR-155 promoted inflammatory responses in the mice model of Eos CRSwNP.

NF-κB/miR-155 also induced the expression of the cytokines TNF-α, IL-1, IL-4, and IL-5 in the mice model of Eos CRSwNP. However, treatment of PDTC, miR-155 antagomir, or DEX in mice all significantly reversed the aberrant expression pattern of cytokines. This indicates that glucocorticoid treatment received anti-inflammatory effects via inhibiting NF-κB/miR-155-induced inflammatory responses and aberrant expression pattern of cytokines. Our results also support the findings of Zheng et al. \[[@b37-medscimonit-26-e923618]\] that highlighted that downregulation of NF-κB/miR-155 by glucocorticoid treatment is a novel anti-inflammation mechanism. Despite the finding that glucocorticoid treatment had excellent treatment effects in our study, the effects of glucocorticoid treatment are still limited in glucocorticoid-resistant patients. Our study results provide a new view for the treatment of this type of patient, suggesting that direct inhibition of miR-155 may function as the potential treatment approach. Inhibition of miR-155 by miR-155 antagomir in our study also prevented inflammatory responses and significantly decreased the expression pattern of cytokines in a mice model of Eos CRSwNP. Thus, miR-155 may also function as the treatment target for patients with Eos CRSwNP.

Conclusions
===========

In this study, we found the expression of NF-κB/miR-155 was increased in the epithelial tissues of patients with Eos CRSwNP, compared with patients with Non-Eos CRSwNP, CRSsNP or patients without inflammatory diseases. The upregulation of NF-κB/miR-155 promoted inflammatory response via inducing the inflammatory mediator COX2 and the inhibiting anti-inflammatory mediator SOCS1. This resulted in the aberrant expression pattern of several cytokines, TNF-α, IL-1, IL-4, and IL-5, in Eos CRSwNP patients. This molecular mechanism is associated with the high relapse rate of Eos CRSwNP. However, glucocorticoid treatment was found to inhibit the relapse of CRSwNP via inhibiting the upregulation of NF-κB/miR-155 signaling pathway. Our findings also highlight miR-155 as a potential therapeutic target for patients with Eos CRSwNP.
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![Expression of NF-κB/miR-155 in patients. (**A**) Western blot analysis of p-IKK, p-p65, and IκB-α in Eos CRSwNP, Non-Eos CRSwNP, CRSsNP, and control group. (**B--D**) Statistical analysis displayed compared with Non-Eos CRSwNP, CRSsNP, and control group, the expression of p-IKK and p-p65 were significantly elevated while the expression of IκB-α was decreased in Eos CRSwNP group. (**E**)*In situ* hybridization of miR-155 in patients. Scale bar=100 μm (**F**) Statistical analysis displayed the number of miR-155 positive cells were significantly increased in Eos CRSwNP group. \* *P*\<0.05; \*\* *P*\<0.01. NF-κB -- nuclear factor κB; CRSsNP -- chronic rhinosinusitis without nasal polyps; Non-Eos CRSwNP -- non-eosinophilic chronic rhinosinusitis with nasal polyps; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps.](medscimonit-26-e923618-g001){#f1-medscimonit-26-e923618}

![Expression of TNF-α, IL-1, IL-4, and IL-5 in patients. (**A--D**) qRT-PCR results displayed the expression of TNF-α, IL-1, IL-4, and IL-5 were all significantly increased in Eos CRSwNP group. \*\* *P*\<0.01. TNF -- tumor necrosis factor; IL -- interleukin; aRT-PCR -- quantitative real-time polymerase chain reaction; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps.](medscimonit-26-e923618-g002){#f2-medscimonit-26-e923618}

![Expression of NF-κB/miR-155 in Eos CRSwNP patients with or without DEX treatment. (**A**) Western blot analysis of p-IKK, p-p65, and IκB-α in Eos CRSwNP-control and Eos CRSwNP-DEX group. (**B--D**) Statistical analysis displayed after DEX treatment, the expression of p-IKK and p-p65 were significantly decreased while the expression of IκB-α was significantly increased in Eos CRSwNP patients. (**E**) After DEX treatment, the expression of miR-155 was also decreased in Eos CRSwNP patients. NF-κB -- nuclear factor κB; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps; DEX -- dexamethasone.](medscimonit-26-e923618-g003){#f3-medscimonit-26-e923618}

![Expression of TNF-α, IL-1, IL-4, and IL-5 in Eos CRSwNP patients with or without DEX treatment. (**A--D**) qRT-PCR results displayed after DEX treatment, the expression of TNF-α, IL-1, IL-4, and IL-5 were all significantly increased in Eos CRSwNP patients. \* *P*\<0.05; \*\* *P*\<0.01. TNF -- tumor necrosis factor; IL -- interleukin; qRT-PCR -- quantitative real-time polymerase chain reaction; DEX -- dexamethasone; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps.](medscimonit-26-e923618-g004){#f4-medscimonit-26-e923618}

![Expression of NF-κB/miR-155 in mice model of Eos CRSwNP. (**A**) Western blot analysis of p-IKK, p-p65, and IκB-α in control, Eos CRSwNP, PDTC, and DEX groups. (**B--D**) Statistical analysis displayed the expression of p-IKK and p-p65 were significantly increased while the expression of IκB-α was decreased in the Eos CRSwNP group. However, the application of PDTC or DEX reversed the expression alterations, which was similar with the control group. (**E**) The expression of miR-155 was significantly increased in the Eos CRSwNP group. The application of PDTC, miR-155 antagomir, or DEX abolished the elevation of miR-155 in the Eos CRSwNP group. (**F, G**) Statistical analysis showed that after application of PDTC, miR-155 antagomir, or DEX, the expression of COX2 was significantly decreased while the expression of SOCS1 was significantly increased in the Eos CRSwNP group. (**H**) Western blot analysis of COX2 and SOCS1 in groups. \* *P*\<0.05; \*\* *P*\<0.01. NF-κB -- nuclear factor κB; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps; DEX -- dexamethasone; PDTC -- pyrrolidine dithiocarbonate.](medscimonit-26-e923618-g005){#f5-medscimonit-26-e923618}

![Expression of TNF-α, IL-1, IL-4, and IL-5 in mice model of Eos CRSwNP. (**A--D**) qRT-PCR results displayed after application of PDTC, miR-155 antagomir, or DEX, the expression of TNF-α, IL-1, IL-4, and IL-5 were all significantly decreased in Eos CRSwNP group. \* *P*\<0.05; \*\* *P*\<0.01. TNF -- tumor necrosis factor; IL -- interleukin; qRT-PCR -- quantitative real-time polymerase chain reaction; PDTC -- pyrrolidine dithiocarbonate; DEX -- dexamethasone.](medscimonit-26-e923618-g006){#f6-medscimonit-26-e923618}

###### 

Clinical characteristics of study patients.

  Items                           Control     CRSsNP      Non-Eos CRSwNP   Eos CRSwNP
  ------------------------------- ----------- ----------- ---------------- ------------
  Number                          30          25          25               25
  Gender (Male/Female)            18/12       17/8        13/12            16/9
  Age (years)                     38.8±7.5    40.4±8.3    40.8±8.9         42.1±8.2
  Positive for Phadiatop, n (%)   1 (3.3%)    3 (12.0%)   5 (20.0%)        6 (24.0%)
  Positive for asthma, n (%)      0 (0.0%)    0 (0.0%)    0 (0.0%)         0 (0.0%)
  Smoking history, n (%)          8 (26.7%)   7 (25.0%)   10 (40.0%)       9 (36.0%)
  Aspirin intolerance triad       0 (0.0%)    0 (0.0%)    0 (0.0%)         0 (0.0%)

CRSsNP -- chronic rhinosinusitis without nasal polyps; Non-Eos CRSwNP -- non-eosinophilic chronic rhinosinusitis with nasal polyps; Eos CRSwNP -- eosinophilic chronic rhinosinusitis with nasal polyps.

###### 

Sequences of RNA primers.

  ------------------------------------ --------------------------------------------------------------
  U6 for human                         RT: 5′-CGCTTCACGAATTTGCGTGTCAT-3′
  F: 5′-GCTTCGGCAGCACATATACTAAAAT-3′   
  R: 5′-CGCTTCACGAATTTGCGTGTCAT-3′     
  miR-155 for human                    RT: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCCCTA-3′
  F: 5′-GGAGGTTAATGCTAATCGTGATAG-3′    
  R: 5′-GTGCAGGGTCCGAGGT-3′            
  U6 for mice                          RT: 5′-AACGCTTCACGA ATTTGCGT-3′
  F: 5′-CTCGCTTCGGCAGCACA-3′           
  R: 5′-AACGCTTCACGA ATTTGCGT-3′       
  miR-155 for mice                     RT: 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCCCTA-3′
  F: 5′-CTCGTGGTTAATGCTAATTGTGA-3′     
  R: 5′-GTGCAGGGTCCGAGGT-3′            
  TNF-α for human                      F: 5′-GCCTCTTCTCCTTCCTGAT-3′
  R: 5′-AGATGATCTGACTGCCTGG-3′         
  TNF-α for mice                       F: 5′-CGTGGAACTGGCAGAAGA-3′
  R: 5′-GTAGACAGAAGAGCGTGGT-3′         
  IL-1 for human                       F: 5′-GACAGGATATGGAGCAACAAG-3′
  R: 5′-CAACACGCAGGACAGGTA-3′          
  IL-1 for mice                        F: 5′-TGACAGTGATGAGAATGACCT-3′
  R: 5′-ATGTGCTGCTGCGAGATT-3′          
  IL-4 for human                       F: 5′-CAGTTCCACAGGCACAAG-3′
  R: 5′-TGGTTGGCTTCCTTCACA-3′          
  IL-4 for mice                        F: 5′-TGCTTGAAGAAGAACTCTAGTG-3′
  R: 5′-GATGTGGACTTGGACTCATTC-3′       
  IL-5 for human                       F: 5′-AGGCACACTGGAGAGTCA-3′
  R: 5′-GCAGGTAGTCTAGGAATTGGT-3′       
  IL-5 for mice                        F: 5′-GACAAGCAATGAGACGATGA-3′
  R: 5′-CCCACGGACAGTTTGATTC-3′         
  β-actin for human                    F: 5′-ATCAAGATCATTGCTCCTCCT-3′
  R: 5′-GACTCGTCATACTCCTGCTT-3′        
  β-actin for mice                     F: 5′-GATTACTGCTCTGGCTCCTA-3′
  R: 5′-TACTCCTGCTTGCTGATCC-3′         
  ------------------------------------ --------------------------------------------------------------

TNF -- tumor necrosis factor; IL -- interleukin.
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